A conceptual design is presented for a high power pion production target for neutrino factories and muon colliders that is based on a rotating metal band of either inconel alloy 7 18, titanium alloy 6Al-4V grade 5 or nickel. The band is 5 meters in diameter and is tangentially intercepted by a pulsed proton beam inside a 20 Tesla tapered solenoidal magnetic pion capture channel. The mechanical layout and cooling setup of the target are summarized and results are presented from realistic MARS and ANSYS computer simulations of pion yields, energy depositions and shock heating stresses. The target scenario is predicted to perform satisfactorily and with conservative safety margins for multimegawatt pulsed proton beams.
INTRODUCTION

MAGNET COILS
/ / I \ This paper presents a target option for pion production at neutrino factories and muon colliders that is based around a rotating band geometry [I, 2, 3, 4, 5, 61. It summarizes the material in reference [6] .
MECHANICAL DESIGN SCENARIO
A plan view of the band target design scenario is shown in Fig. 1 . A 2.5 meter radius circular target band threads through a solenoidal magnetic capture channel [7, 8, 4 ] to tangentially intercept the proton beam.
Three metals with track records as production targets or beam windows are considered as candidates for the target band: inconel 7 18 (a niobium-modified nickel-chromiumiron "superalloy"), titanium alloy 6A1-4V grade 5 and pure nickel.
The cross sectional dimensions of the band and its orientation relative to the proton beam for each of the 3 candidate materials are shown in Fig. 2 , and the proton beam dimensions and the specifications and material properties of the band are enumerated in Table 1 .
The band is in an air environment and is guided and driven by several sets of rollers at rotation speeds of order 1 m/s. Faster rotation minimizes heating pile-up from successive proton pulses but increases the eddy current drag in the 20 Tesla solenoid. A procedure has been developed [5, 6] for its routine installation and extraction.
Typically, approximately 7% of the proton beam energy is deposited in the band target as heat. The heated portion of the band rotates through a 2 meter long water cooling tank, as shown in Fig. 3 . The flow rate and heat transfer parameters are relatively comfortable [6] even for few-MW proton beams -a flow rate of a few liters per second and heat transfer of some tens o f W/cm2 -so forced convection is not required.
SIMULATIONS OF YIELD, ENERGY
Probably the most critical issue faced in solid-target design scenarios for pion production at neutrino factories or muon colliders is the survivability and long-term structural integrity of solid targets in the face of repeated shock heating. A critical design parameter for assessing the shock stresses on the band is the energy contained in each bunch of the pulsed proton beam. The bunch repetition rate is less important because the beam-induced shock waves die down quickly enough for the bunches to be relatively independent in any reasonable muon collider bunch scenario.
Full MARS [ll] tracking and showering Monte Carlo simulations of pion yields and energy deposition densities were conducted for incident proton bunches at representative 6 GeV and 24 GeV beam energies. Three-dimensional energy deposition maps from the MARS simulations were then used as input to finite element stress simulations using
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the commercial code ANSYS. Table 1 .
borderline (53-69%) for the most stringent muon collider production assumptions but the titanium alloy should still provide a very conservative safety margin (10-14%), albeit with a pion yield about 20% lower than the other two candidate materials. Since successfully operating nickel targets [ 121 seem to evade predictions for low yield strengths, the suitability of nickel bands is not well predicted by these simulations and would need to instead be determined in test beam experiments.
CONCLUSIONS
In summary, the rotating metal band target concept appears to be a promising option for pion production targets at neutrino factories and muon colliders. The engineering aspects look manageable and initial simulations of pion yields and target stresses are encouraging for each of three candidate target band materials: inconel 71 8, titanium alloy 6A1-4V grade 5 and nickel. 
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